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Abstract

Objective—Estimate association between postpartum antiretroviral adherence and breastmilk
HIV-1 transmission

Design—~Prospective cohort study

Methods—Mother-infant pairs were randomized after delivery to immediately begin receiving
28 weeks of either triple maternal antiretrovirals (zidovudine, lamivudine, and either nevirapine,
nelfinavir, or lopinavir-ritonavir) or daily infant nevirapine as part of the Breastfeeding,
Antiretrovirals, and Nutrition study. Associations between postpartum antiretroviral adherence and
rate of breastmilk HIV-1 transmission were estimated using Cox models. We measured adherence
over four postpartum time intervals using pill count, suspension bottle weight, and maternal self-
report. Adherence was categorized and lagged by one interval. Missing adherence measures were
multiply imputed. Infant HIV-1 infection was determined by DNA PCR every 2-6 weeks. The
primary endpoint was infant HIV-1 infection by 38 weeks of age among infants alive and
uninfected at 5 weeks.

Results—Analyses included 1479 mother-infant pairs and 45 transmission events. Using pill
count and bottle weight information, 22-40% of mother-infant pairs at any given interval were
<90% adherent. Having =290% adherence was associated with a 52% (95% CI 3-76%) relative
reduction in the rate of breastmilk HIV-1 transmission, compared with having <90% adherence
when controlling for study arm, breastfeeding status, and maternal characteristics. Complete case
analysis rendered similar results (n=501; relative reduction 59%, 95% CI 6-82%).

Conclusion—Non-adherence to extended postpartum ART regimens in ‘real world’ settings is
likely to be higher than that seen in BAN. Identifying mothers with difficulty adhering to
antiretrovirals, and developing effective adherence interventions, will help maximize benefits of
ARV provision throughout breastfeeding.

Keywords
adherence; antiretroviral; breastfeeding; HIV transmission; PMTCT

INTRODUCTION

The World Health Organization (WHO) recommends that pregnant and breastfeeding
women with HIV infection receive antiretroviral therapy (ART) either throughout
breastfeeding or lifelong in an effort to achieve global goals of eliminating new infant HIV
infections and keeping their mothers alive.[1] Effective implementation of this WHO
guidance relies on adherence to prescribed antiretroviral (ARV) regimens.[2] Maintaining
ARV adherence has been challenging for patients, and predicting who will be non-adherent
and intervening in an effective way has been challenging for prevention of mother-to-child
HIV transmission (PMTCT) programs.[3-8] Almost one half of postpartum patients included
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in a recent meta-analysis did not maintain an adherence level thought to be needed for
virologic suppression (>80%).[9]

Non-adherence to ART and PMTCT regimens may occur for several reasons, including:
time and financial costs of accessing care, stigma, forgetfulness or changes in routine, and
side effects of medications.[6, 10-15] Among non-pregnant or breastfeeding adults, >95%
adherence is thought to be needed to maintain virologic suppression when unboosted
protease inhibitors (PI) are included in the ART regimen.[16] Pharmacokinetic boosting of
Pls with drugs such as ritonavir has been used to extend the plasma half-life of the active PI
by inhibiting drug metabolism.[17, 18] With boosted Pls, 80% adherence may be sufficient
for non-pregnant or breastfeeding adults to achieve virologic suppression.[19-21]

Despite the efficacy of ART in PMTCT, transmission does occur even in the context of
closely monitored clinical trials for poorly understood reasons.[22-26] In this paper, we use
data from a recent randomized PMTCT trial in Malawi to: 1) estimate adherence to
postpartum maternal triple ARVs or daily infant NVP using pill counts, bottle weights, and
maternal self-report; 2) compare characteristics of mother-infant pairs by adherence
category; and 3) quantify the effect of adherence to both maternal triple ARVs and extended
daily infant NVP on breastmilk HIV-1 transmission.

METHODS

The Breastfeeding, Antiretrovirals and Nutrition (BAN) trial was conducted in Malawi
between 2004 and 2010 using a factorial design to assess the benefit and safety of
antiretroviral medications given either to infants or mothers to prevent HIV transmission
during breastfeeding.[22] Mothers were recruited at antenatal clinics in Lilongwe. Eligibility
criteria for mother-infant pairs included the following: antibody-confirmed maternal HIV
infection, maternal CD4 >250 cells/pL (=200 cells/pL before July 24, 2006), no previous
antiretroviral drug use (including single dose NVP), infant birth weight 22000 grams, no
infant or maternal condition that would preclude the use of a study drug, and able to enroll
within 36 hours of delivery.[22]

All mothers and infants enrolled in BAN received one dose of NVP at delivery or birth and
seven days of zidovudine and lamivudine postpartum; no antepartum antiretrovirals were
given.[22] Mother-infant pairs were randomized after delivery to immediately begin one of
the following postpartum PMTCT prophylaxis regimens: 1) 28 weeks of maternal triple
antiretrovirals (maternal ARV); 2) 28 weeks of infant NVP; or 3) no further drugs
postpartum (enhanced control).[22] Mothers were also randomized to either receive or not
receive a lipid-based nutrient supplement throughout breastfeeding.[22] All mothers were
advised to breastfeed exclusively for the first 24 weeks postpartum with weaning between
24 and 28 weeks.[22] Details of the drug regimens and nutrition supplement have been
reported previously.[27-29]

Ethical approval was obtained from the Malawi National Health Science Research
Committee and the institutional review boards at the University of North Carolina at Chapel
Hill and the U.S. Centers for Disease Control and Prevention.
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Study design

Mother-infant pairs randomized to the two treatment arms of BAN, maternal ARV (n=849)
and infant NVP (n=852) were included. We excluded mother-infant pairs that were
randomized to the enhanced control arm (n=668), and infants who had one of the following
outcomes between birth and four weeks of age: HIV infection (n=86), death (n=6), lost to
follow-up (n=84), or unknown breastfeeding status (n=46). Information on first-born
multiples was used when multiple births occurred (n=31). Our analysis thus included a total
of 1479 mother-infant pairs at risk of breastmilk HIV transmission between 5 and 38 weeks
of age. Weeks were chosen based on adherence measure availability and to allow for the
delayed effect of non-adherence on transmission.

Data analyses

Breastmilk HIV-1 transmission was determined by Roche Amplicor 1.5 DNA PCR (Roche
Molecular Systems, Pleasanton, CA, USA) at 2, 12, 28, and 48 weeks to indicate infant
HIV-1 status. PCR-positive results were confirmed by testing an additional blood specimen,
and the window of infection was narrowed with tests of infant dried blood-spot specimens
taken at 4, 6, 8, 18, 24, 32, and 36 weeks. The primary outcome was breastmilk
transmission, defined as first positive infant PCR test between 5 and 38 weeks of age. The
secondary outcome was time until either first detection of infant HIV-1 infection or infant
death by 38 weeks. Death ascertainment procedures have been described previously.[27]

The main exposure of interest was adherence to the prescribed postpartum ARV regimen.
We measured adherence two ways: 1) maternal ARV pill counts or infant NVP suspension
bottle weights, taken by trained pharmacy staff (hereafter referred to as “adherence™); and 2)
maternal self-report, using a standardized questionnaire (used in sensitivity analyses,
hereafter referred to as “self-reported adherence”). Only pill counts and bottle weights
measured on contiguous visits were used. Adherence was then calculated for the following
time intervals: 2-4, 8-12, 13-18, and 24-28 weeks of age. Pill counts and bottle weights were
not collected during weeks 5-7, and 19-23. For analysis purposes, the unobserved adherence
during weeks 5-7 and 19-23 were assumed to be equal to the observed adherence during
weeks 8-12 and 24-28, respectively. Adherence was calculated using the difference in the
number of pills or grams returned at the current visit and the number distributed at the
previous visit, compared to the number of pills or grams expected to be consumed between
visits if perfectly compliant under BAN dosing regimens. [27]

Because all three prescribed ARV drugs are necessary for full regimen activity, we made
separate calculations for each drug and used the lowest percentage of the three to define a
mother's ARV adherence at a given interval. A cutoff of 90% was then used to dichotomize
adherence (<90% adherent=non-adherent, 290% adherent=adherent). The choice of
adherence cutoff was based on previous studies and the expected adherence distribution.[30]

Self-reported adherence was measured at 4, 8, 21, and 28 weeks postpartum and based on
the mother's answer to the following question: “During the past three days excluding today,
have you/your baby missed any doses of (name of each individual antiretroviral
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prescribed)?” Self-reported adherence was considered a time-varying dichotomous variable
(=1 reported missed dose of any drug; no reported missed doses of any drugs).

Potential confounding variables consisted of randomization assignment, baseline
demographic characteristics and health status information (Table 1), and time-dependent
breastfeeding status. All covariates were measured as part of the BAN trial. Frequencies,
means, and medians were also calculated, as appropriate, to compare characteristics of
mother-infant pairs by exposure (adherence) and outcome (HIV-1 status) category. Binomial
regression models using generalized estimating equations (GEE) and an exchangeable
correlation matrix were used to test whether or not adherence changed over time.

A time-to-event Cox model was used to assess the association between adherence and the
rate of breastmilk HIV-1 transmission and breastmilk HIV-1 transmission or infant death by
38 weeks of age, adjusting for potential prognostic factors. Hazard ratios represent the
transmission rate for mother-infant pairs that were >90% adherent relative to the
transmission rate of pairs <90% adherent; relative reduction is defined as one minus the
hazard ratio. Adherence was included in the Cox model as a time-varying covariate, lagged
by one interval to ensure the exposure occurred prior to the outcome. Therefore, adherence
was associated with transmission in the subsequent time interval. Mother-infant pairs lost to
follow-up were censored at the time of their last PCR negative HIV-1 test.

Effect measure modification was assessed by comparing unadjusted and adjusted hazard
ratio estimates and 95% confidence intervals using an interaction term between adherence
and the variable of interest. Covariates producing adjusted hazard ratio estimates different
enough to be clinically or programmatically relevant were considered effect measure
modifiers. A directed acyclic graph (DAG) was used to identify potential confounders and a
minimally sufficient adjustment set.[22, 27, 31] Given the limited number of outcomes,
more parsimonious models were generated by removal of potential confounders that had
minimal effect on the hazard ratio estimate or precision.

Multiple imputation was used to account for missing adherence measures.[32]. Adherence
was assumed to be missing at random. The probability of being adherent for each missing
adherence measure was predicted from a fitted logistic regression model comprised of
variables believed a priori to be predictive of adherence and for which there was minimal
missing data. Covariates used to predict adherence included ARV study arm, maternal age
(continuous), parity (0, =1), marital status, (married, not married), education status
(<primary, >primary), baseline maternal CD4+ category (200-350, 351-500, >500), baseline
maternal hemoglobin (<11mg, =11mg), previous visit(s) adherence, time-dependent
breastfeeding status, infant's outcome, and log survival time. Missing adherence measures
were imputed based on the logistic regression predicted probabilities of being =90%
adherent or <90% adherent. Five hundred complete data sets were imputed. Unadjusted and
adjusted Cox models were then fit to obtain parameter and variance estimates for each of the
500 datasets, and these estimates were combined to obtain a final mean hazard ratio estimate
and 95% confidence interval.[33]
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Two main sensitivity analyses were conducted to address self-reported adherence and
baseline maternal viral load. First, we compared self-reported adherence with pill count and
bottle weight adherence, and compared the association between adherence and breastmilk
HIV-1 transmission using each adherence measurement method. To do this, self-reported
adherence was considered as the main exposure in sensitivity analyses, instead of pill count
or bottle weight adherence. Second, we assessed the impact of adjustment for baseline
maternal viral load, which was not included in the main regression analyses. Baseline
maternal viral load information was not available for 3 mother-infant pairs, including one
mother-infant pair who experienced a HIV-1 transmission event. Due to the known
association between viral load and HIV transmission, we included log10-transformed
baseline maternal viral load in both the imputation and analysis models as a sensitivity
analysis.

All data analyses were conducted using SAS version 9.3 (SAS Institute, Cary, North
Carolina, USA).

A total of 1479 mother-infant pairs and 45 transmission events were included in analyses
(Figure 1). The median maternal age was 26 years [interquartile range (IQR): 23 to 29].
Most mothers were married (93%) and reported at least one previous live birth (87%) (Table
1). Among those randomized to maternal ARVs, most received a boosted protease inhibitor
regimen of zidovudine, lamivudine, and lopinavir-ritonavir (79%) (Table 1). Mothers had a
median baseline CD4+ count of 477 per uL (IQR: 330 to 582), a median baseline log10 viral
load of 4.1 copies per milliliter of blood (IQR: 3.6 to 4.7), and a median hemoglobin of 10.8
grams per dL (IQR: 10.0 to 11.7). The median infant birth weight was 3.0 kg (IQR: 2.7 to
3.3).

The overall postnatal MTCT rate was 5.1 infections per 100 person-years (95% confidence
interval (Cl) 3.8-6.8); rates by maternal and infant NVP arm were 5.4 (95% CI 3.6-8.1) and
4.9 (95% CI 3.2-7.4) infections per 100 person-years, respectively. Overall, mean pill count
or bottle weight adherence was 87% [median 0.98; IQR: 0.82 to 1.00], and did not
meaningfully differ by study arm (maternal arm 87%, infant arm 86%). Adherence changed
over time in both the maternal and infant arm (p<0.001), but no consistent pattern was
identified (Table 2).

Among all mother-infant pairs with at least one pill count or bottle weight adherence
measure, 22-40% were <90% adherent at any given interval (maternal ARV arm 24-42%,
infant NVP arm 17-51%) (Table 2). A larger proportion of mother-infant pairs with a HIV-1
transmission event were <90% adherent (41%) during any given interval compared with
mother-infant pairs whose infants remained HIV-uninfected (33%) (Table 2), but the
difference was not statistically significant (p=0.1). The postnatal MTCT rate between 5-38
weeks of infant age was 3.0 infections per 100 person-years (95% CI 1.7-5.4) for adherent
intervals, and 7.4 infections per 100 person-years (95% CI 4.7-12.3) for non-adherent
intervals.

AIDS. Author manuscript; available in PMC 2015 November 28.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al. Page 7

Complete case

A total of 501 mother-infant pairs had complete pill count or bottle weight adherence
information (complete cases). Of these, 146 (29%) were always =90% adherent and 35 (7%)
were never 290% adherent (Table 3).

Among complete cases, 23 experienced a breastmilk HIV-1 transmission event by 38 weeks
of age (maternal ARV arm: 18, infant NVP arm: 5), and 28 experienced the composite
outcome of breastmilk HIV-1 transmission or infant death by 38 weeks (maternal ARV arm:
21, infant NVVP arm: 7). Having >90% adherence was associated with a 60% relative
reduction in the rate of breastmilk HIV-1 transmission by 38 weeks of age among complete
cases, compared with having <90% adherence (Hazard Ratio (HR) 0.40; 95% CI 0.17-0.91)
(Table 4). Adjustment for maternal age, baseline maternal CD4+ count, baseline maternal
hemoglobin level, time-dependent breastfeeding status, and study arm had little impact (HR
0.41, 95% CI 0.18-0.94) (Table 4).

Multiple imputation

Adherence measured by pill count and bottle weight was imputed for 29% (431/1479) of
mother-infant pairs at 4 weeks, 27% (387/1411) at 12 weeks, 29% (401/1375) at 18 weeks,
and 43% (560/1310) at 28 weeks. No variables were significant predictors of adherence at
all time points.

Having =90% pill count or bottle weight adherence was associated with a 50% relative
reduction in the rate of breastmilk HIV-1 transmission by 38 weeks of age, compared with
having <90% adherence [unadjusted HR 0.50, 95% CI 0.25-0.99] when using multiply
imputed data (Table 4). The estimated hazard ratio was similar when unadjusted Cox models
were fit separately for each study arm [maternal ARV HR 0.51, 95% CI 0.21-1.21; infant
NVP HR 0.48, 95% CI 0.16-1.44) (Table 4). Adjustment for potential confounding did not
meaningfully change the hazard ratio estimate (HR 0.48; 95% CI 0.24-0.97) (Table 4).

Composite outcome: breastmilk HIV-1 transmission or infant death

Associations between adherence and the composite outcome of breastmilk HIV-1
transmission or death did not appreciably differ from those using only HIV-transmission as
the outcome (unadjusted HR 0.58, 95% CI 0.32-1.04; adjusted HR 0.59, 95% CI 0.33-1.06).

Sensitivity analyses

A total of 541 mother-infant pairs had complete self-reported adherence information. Of
these, 22 experienced a breastmilk HIV-1 transmission event (maternal ARV arm: 16, infant
NVP arm: 6). Overall, 92% of mothers self-reported missing no pills in the last three days.
Self-reported adherence was similar by study arm (infant NVP: 0.93, maternal ARV: 0.90).
Among complete cases, reporting missing no pills in the prior 3 days (100% self-reported
adherence) was associated with a 74% relative reduction in the rate of breastmilk HIV-1
transmission, compared with those self-reporting <100% adherence during the last three
days (HR 0.26, 95% CI 0.09-0.71) and after adjusting for study arm, time-dependent
breastfeeding status, and baseline maternal age, CD4+ count, and hemoglobin. The
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association remained similar when using multiply imputed self-reported adherence (n=1479,
adjusted HR 0.33, 95% CI 0.14-0.78).

Including baseline maternal viral load in the imputation and analysis model resulted in a
nearly identical association between pill count or bottle weight adherence and the rate of
breastmilk HIV-1 transmission (complete case HR 0.40, 95% CI 0.18-0.92; imputed HR
0.49, 95% CI 0.25-0.97), compared to models that did not adjust for baseline maternal viral
load. Similarly, including the control arm in analyses and allowing for potential differential
detection of HIV among the infant NVP arm resulted in similar findings (supplemental
material).

DISCUSSION

We have shown that adherence to antiretroviral regimens needs to be maintained throughout
the breastfeeding period to maximize efforts to prevent breastmilk HIV-1 transmission and
improve infant HIV-free survival. The strong association found between very high (=90%)
adherence and transmission is striking, reinforcing the importance of maintaining mother-
infant pairs in HIV care and providing effective adherence counseling messages. To our
knowledge, this study was the first in a resource-limited setting that assessed adherence over
time to an extended postpartum prophylaxis regimen using pill count, bottle weight, and
maternal self-report. The extent of missing adherence data in our study underscores the
difficulty in consistently assessing adherence to postpartum antiretroviral medications, even
in a well-monitored clinical trial with intensive follow-up.

Non-adherence to ART has been associated with higher HIV viral loads in pregnant women,
and compliance to short-course maternal zidovudine has been associated with decreased
HIV-1 vertical transmission.[12, 34, 35] Maternal ARV adherence rates had a negative but
not statistically significant correlation with MTCT rates in a recent meta-analysis.[9]
However, most studies in the meta-analysis used short-course ARV regimens and reported
only antepartum adherence.[9] In contrast, we measured postpartum adherence over four
time intervals, and allowed adherence to vary over time. In addition, we used methods that
account for missing adherence measures, infants lost to follow-up, and infant death.

The number of transmission events was relatively small despite the large sample size,
reducing the precision of our estimates and preventing comparisons by study arm. However,
we observed a substantial effect of adherence on breastmilk HIV-1 transmission despite the
small number of transmission events.

Adherence levels found in BAN are similar to reported adherence from other randomized
controlled trials of either extended infant or maternal antiretroviral prophylaxis during
breastfeeding, and to a pooled postpartum adherence estimate.[9, 23, 24, 26, 36] However,
direct adherence comparisons are difficult due to differences in definition and measurement
of adherence across trials. Adherence may be measured using a variety of approaches
ranging in sophistication, but all are imperfect.[37] Self-reported adherence has the most
potential for bias (usually in the form of overestimating adherence) due to recall and social
desirability bias, but is the measurement tool most often used because it is easy and
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inexpensive to administer.[37] Adherence measurements based on pill count and suspension
bottle weight are subject to manipulation, but are thought to have greater validity and take
into account adherence over the entire monitoring period, rather than just the three days
prior to the self-report assessment visit.[38] A consensual adherence measurement method is
needed to facilitate inter-study comparisons. In our study, self-reported adherence was
higher than adherence measured by pill count and bottle weight, with poor agreement
between the two measures (supplemental material). However, both adherence measures
resulted in a consistent association with breastmilk HIV-1 transmission, increasing the
confidence in our findings.

We were unable to determine an adherence threshold for transmission prevention despite
assessing multiple adherence cutoffs (e.g.: 80% and 95%) and imputing adherence as a
continuous measure. Our findings suggest that the association between adherence and
transmission is a continuum, with higher adherence leading to higher protection against
transmission (results not shown). In addition, while determinants of maternal versus infant
adherence likely differ, we were unable to ascertain such differences in this study.

When adherence data are skewed, presenting only one measure of central tendency (e.qg.,
mean or median) may fail to convey the characteristics of the adherence distribution, and be
misleading. For example, median adherence in our study was 98%, suggesting that no
further action is needed to maintain high levels of postpartum adherence. Mean adherence
was 87%, suggesting that some work is needed to improve adherence, but adherence
remained high. In contrast, 22-40% of mother-infant pairs in our study were <90% adherent
during each interval, suggesting that increased focus is needed to improve postpartum
adherence. Variation in measures exemplifies the skewed left adherence distribution and
implies that some mother-infant pairs had very low adherence, and that some had
intermittent non-adherence. Given that transmission is associated with non-adherence, there
is a need to consistently emphasize adherence throughout the postpartum period.

BAN study nurses counseled mothers on adherence, referencing pill counts and bottle
weights. The extent of adherence monitoring and counseling in BAN greatly exceeds that
conducted in most non-clinical trial settings. In ‘real-world’ settings, retention in HIV care
as measured by non-missed appointments is generally used as a crude proxy for adherence,
with other direct adherence measures rarely conducted. However, a patient's care-seeking
and drug-taking behaviors are not necessarily synonymous.

Non-adherence did not account for all transmission events. Transmission may have occurred
despite perfect adherence due to imperfection in our adherence measure, delay between
maternal initiation of antiretrovirals and virologic suppression, antiretroviral drug resistance,
or other unidentified processes. The number of visits that could be used to assess adherence
resulted in inconsistent and extended time intervals between adherence measures. Adherence
was held constant during the interval, and lagged to ensure the exposure occurred before the
outcome. Therefore, measured adherence may not be the true adherence in the period
immediately before transmission.
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Our results reinforce the need to focus on maintaining adherence to meet PMTCT goals.
Furthermore, the extent of non-adherence in this heavily monitored clinical trial setting has
important implications for adherence counseling messages, local PMTCT program planning
efforts, and global modeling exercises predicting MTCT elimination. We measured
adherence through 28 weeks postpartum. The time lag between maternal antiretroviral
initiation and virologic suppression may partly explain the strong association found between
what is generally deemed as very high adherence and breastmilk transmission, as very high
adherence may be more important for preventing transmission during the first months of
ARV initiation. Assessment of adherence and adherence-related outcomes throughout one to
two years of breastfeeding is urgently needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

The authors NLD, WCM, and MGH designed the study. CSC, DS, DK, JAEN, SRE, APK, DJJ, and CvdH
participated in data collection and laboratory testing. NLD, WCM, MGH, JSAS, and CvdH participated in data
analysis and interpretation. NLD, WCM and MGH wrote the manuscript. All authors reviewed, edited and
approved the final manuscript.

We would like to thank Chistopher Wieson, the Odum Institute at UNC, and Catherine Lesko for data management
assistance. We are also grateful to the following: BAN Study Team at University of North Carolina Chapel Hill,
Centers for Disease Control and Prevention, Atlanta, and UNC Project team in Lilongwe including: Linda Adair,
Yusuf Ahmed, Mounir Ait-Khaled, Sandra Albrecht, Shrikant Bangdiwala, Ronald Bayer, Margaret Bentley, Brian
Bramson, Emily Bobrow, Nicola Boyle, Sal Butera, Charles Chasela, Charity Chavula, Joseph Chimerang’ambe,
Maggie Chigwenembe, Maria Chikasema, Norah Chikhungu, David Chilongozi, Grace Chiudzu, Lenesi Chome,
Anne Cole, Amanda Corbett, Amy Corneli, Anna Dow, Ann Duerr, Henry Eliya, Sascha Ellington, Joseph Eron,
Sherry Farr, Yvonne Owens Ferguson, Susan Fiscus, Valerie Flax, Ali Fokar, Shannon Galvin, Laura Guay, Chad
Heilig, Irving Hoffman, Elizabeth Hooten, Mina Hosseinipour, Michael Hudgens, Stacy Hurst, Lisa Hyde, Denise
Jamieson, George Joaki (deceased), David Jones, Elizabeth Jordan-Bell, Zebrone Kacheche, Esmie Kamanga, Gift
Kamanga, Coxcilly Kampani, Portia Kamthunzi, Deborah Kamwendo, Cecilia Kanyama, Angela Kashuba, Damson
Kathyola, Dumbani Kayira, Peter Kazembe, Caroline C. King, Rodney Knight, Athena P. Kourtis, Robert Krysiak,
Jacob Kumwenda, Hana Lee, Edde Loeliger, Dustin Long, Misheck Luhanga, Victor Madhlopa, Maganizo Majawa,
Alice Maida, Cheryl Marcus, Francis Martinson, Navdeep Thoofer, Chrissie Matiki (deceased), Douglas Mayers,
Isabel Mayuni, Marita McDonough, Joyce Meme, Ceppie Merry, Khama Mita, Chimwemwe Mkomawanthu,
Gertrude Mndala, Ibrahim Mndala, Agnes Moses, Albans Msika, Wezi Msungama, Beatrice Mtimuni, Jane Muita,
Noel Mumba, Bonface Musis, Charles Mwansambo, Gerald Mwapasa, Jacqueline Nkhoma, Megan Parker, Richard
Pendame, Ellen Piwoz, Byron Raines, Zane Ramdas, John Rublein, Mairin Ryan, lan Sanne, Christopher Sellers,
Diane Shugars, Dorothy Sichali, Wendy Snowden, Alice Soko, Allison Spensley, Jean-Marc Steens, Gerald Tegha,
Martin Tembo, Roshan Thomas, Hsiao-Chuan Tien, Beth Tohill, Charles van der Horst, Esther Waalberg, Elizabeth
Widen, Jeffrey Wiener, Cathy Wilfert, Patricia Wiyo, Innocent Zgambo, Chifundo Zimba. Finally and most
especially, all the women and infants that have agreed to participate in the study.

REFERENCES

1. World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating
and preventing HIV infection. 2013

2. World Health Organization. Programmatic Update: Use of antiretroviral drugs for treating pregnant
women and preventing HIV infection in infants. Executive summary. 2012

3. Barigye H, Levin J, Maher D, Tindiwegi G, Atuhumuza E, Nakibinge S, et al. Operational
evaluation of a service for prevention of mother-to-child transmission of HIV in rural Uganda:
barriers to uptake of single-dose nevirapine and the role of birth reporting. Trop Med Int Health.
2010; 15:1163-1171. [PubMed: 20667051]

AIDS. Author manuscript; available in PMC 2015 November 28.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 11

. Peltzer K, Mlambo M, Phaswana-Mafuya N, Ladzani R. Determinants of adherence to a single-dose

nevirapine regimen for the prevention of mother-to-child HIV transmission in Gert Sibande district
in South Africa. Acta Paediatr. 2010; 99:699-704. [PubMed: 20146724]

. Peltzer K, Sikwane E, Majaja M. Factors associated with short-course antiretroviral prophylaxis

(dual therapy) adherence for PMTCT in Nkangala district, South Africa. Acta Paediatr. 2011;
100:1253-1257. [PubMed: 21366691]

. Mepham S, Zondi Z, Mbuyazi A, Mkhwanazi N, Newell ML. Challenges in PMTCT antiretroviral

adherence in northern KwaZulu-Natal, South Africa. AIDS Care. 2011; 23:741-747. [PubMed:
21293987]

. Stringer JS, Sinkala M, Maclean CC, Levy J, Kankasa C, Degroot A, et al. Effectiveness of a city-

wide program to prevent mother-to-child HIV transmission in Lusaka, Zambia. AIDS. 2005;
19:1309-1315. [PubMed: 16052086]

. Laine C, Newschaffer CJ, Zhang D, Cosler L, Hauck WW, Turner BJ. Adherence to antiretroviral

therapy by pregnant women infected with human immunodeficiency virus: a pharmacy claims-
based analysis. Obstet Gynecol. 2000; 95:167-173. [PubMed: 10674574]

. Nachega JB, Uthman OA, Anderson J, Peltzer K, Wampold S, Cotton MF, et al. Adherence to

antiretroviral therapy during and after pregnancy in low-, middle and high income countries: a
systematic review and meta-analysis. AIDS. 2012

. Byakika-Tusiime J, Crane J, Oyugi JH, Ragland K, Kawuma A, Musoke P, et al. Longitudinal
antiretroviral adherence in HI\VV+ Ugandan parents and their children initiating HAART in the
MTCT-Plus family treatment model: role of depression in declining adherence over time. AIDS
Behav. 2009; 13(Suppl 1):82-91. [PubMed: 19301113]

Portelli MS, Tenni B, Kounnavong S, Chanthivilay P. Barriers to and Facilitators of Adherence to
Antiretroviral Therapy Among People Living With HIV in Lao PDR: A Qualitative Study. Asia
Pac J Public Health. 2012

Bardeguez AD, Lindsey JC, Shannon M, Tuomala RE, Cohn SE, Smith E, et al. Adherence to
antiretrovirals among US women during and after pregnancy. J Acquir Immune Defic Syndr.
2008; 48:408-417. [PubMed: 18614923]

Chesney MA, Ickovics JR, Chambers DB, Gifford AL, Neidig J, Zwickl B, et al. Self-reported
adherence to antiretroviral medications among participants in HIV clinical trials: the AACTG
adherence instruments. Patient Care Committee & Adherence Working Group of the Outcomes
Committee of the Adult AIDS Clinical Trials Group (AACTG). AIDS Care. 2000; 12:255-266.
[PubMed: 10928201]

Catz SL, Kelly JA, Bogart LM, Benotsch EG, McAuliffe TL. Patterns, correlates, and barriers to
medication adherence among persons prescribed new treatments for HIV disease. Health Psychol.
2000; 19:124-133. [PubMed: 10762096]

Gifford AL, Bormann JE, Shively MJ, Wright BC, Richman DD, Bozzette SA. Predictors of self-
reported adherence and plasma HIV concentrations in patients on multidrug antiretroviral
regimens. J Acquir Immune Defic Syndr. 2000; 23:386—395. [PubMed: 10866231]

Paterson DL, Swindells S, Mohr J, Brester M, Vergis EN, Squier C, et al. Adherence to protease
inhibitor therapy and outcomes in patients with HIV infection. Ann Intern Med. 2000; 133:21-30.
[PubMed: 10877736]

Kobin AB, Sheth NU. Levels of adherence required for virologic suppression among newer
antiretroviral medications. Ann Pharmacother. 2011; 45:372-379. [PubMed: 21386024]

Boffito M. From Concept to Care: Pharmacokinetic Boosting of Protease Inhibitors. The PRN
Notebook. 2004; 9:15-19.

Maggiolo F, Airoldi M, Kleinloog HD, Callegaro A, Ravasio V, Arici C, et al. Effect of adherence
to HAART on virologic outcome and on the selection of resistance-conferring mutations in
NNRTI- or Pl-treated patients. HIV Clin Trials. 2007; 8:282-292. [PubMed: 17956829]

Parienti JJ, Ragland K, Lucht F, de la Blanchardiere A, Dargere S, Yazdanpanah Y, et al. Average
adherence to boosted protease inhibitor therapy, rather than the pattern of missed doses, as a
predictor of HIV RNA replication. Clin Infect Dis. 2010; 50:1192-1197. [PubMed: 20210643]

AIDS. Author manuscript; available in PMC 2015 November 28.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 12

Shuter J, Sarlo JA, Kanmaz TJ, Rode RA, Zingman BS. HIV-infected patients receiving lopinavir/
ritonavir-based antiretroviral therapy achieve high rates of virologic suppression despite adherence
rates less than 95%. J Acquir Immune Defic Syndr. 2007; 45:4-8. [PubMed: 17460469]

Chasela CS, Hudgens MG, Jamieson DJ, Kayira D, Hosseinipour MC, Kourtis AP, et al. Maternal
or infant antiretroviral drugs to reduce HIV-1 transmission. N Engl J Med. 2010; 362:2271-2281.
[PubMed: 20554982]

Shapiro RL, Hughes MD, Ogwu A, Kitch D, Lockman S, Moffat C, et al. Antiretroviral regimens
in pregnancy and breast-feeding in Botswana. N Engl J Med. 2010; 362:2282-2294. [PubMed:
20554983]

Thomas TK, Masaba R, Borkowf CB, Ndivo R, Zeh C, Misore A, et al. Triple-antiretroviral
prophylaxis to prevent mother-to-child HIV transmission through breastfeeding--the Kisumu
Breastfeeding Study, Kenya: a clinical trial. PLoS Med. 2011; 8:e1001015. [PubMed: 21468300]
Kilewo C, Karlsson K, Ngarina M, Massawe A, Lyamuya E, Swai A, et al. Prevention of mother-
to-child transmission of HIV-1 through breastfeeding by treating mothers with triple antiretroviral
therapy in Dar es Salaam, Tanzania: the Mitra Plus study. J Acquir Immune Defic Syndr. 2009;
52:406-416. [PubMed: 19730269]

Kesho Bora Study Group. de Vincenzi |. Triple antiretroviral compared with zidovudine and
single-dose nevirapine prophylaxis during pregnancy and breastfeeding for prevention of mother-
to-child transmission of HIV-1 (Kesho Bora study): a randomised controlled trial. Lancet Infect
Dis. 2011; 11:171-180. [PubMed: 21237718]

Jamieson DJ, Chasela CS, Hudgens MG, King CC, Kourtis AP, Kayira D, et al. Maternal and
infant antiretroviral regimens to prevent postnatal HIV-1 transmission: 48-week follow-up of the
BAN randomised controlled trial. Lancet. 2012; 379:2449-2458. [PubMed: 22541418]

Kayira D, Bentley ME, Wiener J, Mkhomawanthu C, King CC, Chitsulo P, et al. A lipid-based
nutrient supplement mitigates weight loss among HIV-infected women in a factorial randomized
trial to prevent mother-to-child transmission during exclusive breastfeeding. Am J Clin Nutr.
2012; 95:759-765. [PubMed: 22258269]

van der Horst C, Chasela C, Ahmed Y, Hoffman I, Hosseinipour M, Knight R, et al. Modifications
of a large HIV prevention clinical trial to fit changing realities: a case study of the Breastfeeding,
Antiretroviral, and Nutrition (BAN) protocol in Lilongwe, Malawi. Contemp Clin Trials. 2009;
30:24-33. [PubMed: 18805510]

Ammassari A, Trotta MP, Shalev N, Marconi P, Antinori A. Beyond virological suppression: the
role of adherence in the late HAART era. Antivir Ther. 2012; 17:785-792. [PubMed: 22414552]
Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology.
1999; 10:37-48. [PubMed: 9888278]

Clark TG, Altman DG. Developing a prognostic model in the presence of missing data: an ovarian
cancer case study. J Clin Epidemiol. 2003; 56:28-37. [PubMed: 12589867]

Tsiatis, AA. Semiparametric Theory and Missing Data. Springer; New York, NY: 2006. Chapter
14. Multiple Imputation: A Frequentist Perspective..

Mellins CA, Chu C, Malee K, Allison S, Smith R, Harris L, et al. Adherence to antiretroviral
treatment among pregnant and postpartum HIV-infected women. AIDS Care. 2008; 20:958-968.
[PubMed: 18608073]

Kiarie JN, Kreiss JK, Richardson BA, John-Stewart GC. Compliance with antiretroviral regimens
to prevent perinatal HIV-1 transmission in Kenya. AIDS. 2003; 17:65-71. [PubMed: 12478070]
Coovadia HM, Brown ER, Fowler MG, Chipato T, Moodley D, Manji K, et al. Efficacy and safety
of an extended nevirapine regimen in infant children of breastfeeding mothers with HIV-1
infection for prevention of postnatal HIV-1 transmission (HPTN 046): a randomised, double-blind,
placebo-controlled trial. Lancet. 2012; 379:221-228. [PubMed: 22196945]

Miller LG, Hays RD. Adherence to combination antiretroviral therapy: synthesis of the literature
and clinical implications. AIDS Read. 2000; 10:177-185. [PubMed: 10758022]

Liu H, Golin CE, Miller LG, Hays RD, Beck CK, Sanandaji S, et al. A comparison study of
multiple measures of adherence to HIV protease inhibitors. Ann Intern Med. 2001; 134:968-977.
[PubMed: 11352698]

AIDS. Author manuscript; available in PMC 2015 November 28.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

DAVIS et al.

Page 13

1701 mother-infant pairs randomized to
extended postpartum ARV regimen

849 to Maternal

852 to Infant NVP Regimen

Regimen

222 were excluded
86 infants HIV-infected <4 weeks of age
6 infants died <4 weeks of age
84 infants lost to follow-up <4 weeks of age
46 infants had unknown breastfeeding status

N

\

4

1479 mother-infa

nt pairs included

v

v

725 assigned to maternal ARV regimen
23 infants HIV-infected at 5-38 weeks
11 infants died at 5-38 weeks (2 HIV infected)
62 infants lost to follow-up at 5-28 weeks

754 assigned to infant NVP regimen
22 infants HIV-infected at 5-38 weeks
12 infants died at 5-38 weeks (2 HIV infected)
62 infants lost to follow-up at 5-28 weeks

Figure 1.
Study population and outcomes
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Table 1

Baseline characteristics of 1479 mother-infant pairs.

* **
Total (N=1479) HIV-linfected infant (N=45) HIV-1 uninfectedinfantJr (N=1434)

N (%) N (%) N (%)

Antiretroviral randomization

Maternal antiretroviral 725 (49) 23 (51) 702 (49)

Infant nevirapine 754 (51) 22 (49) 732 (51)
Nutritional randomization

No supplement 733 (50) 17 (38) 716 (50)

Received supplement 746 (50) 28 (62) 718 (50)
Mothers:
Age (years)

15-25 720 (49) 30 (67) 690 (48)

26-35 680 (46) 14 (31) 666 (47)

36-45 76 (5) 1 7)) 75 (5)
Education

Primary school only 941 (64) 29 (64) 912 (64)

More than primary school 536 (36) 16 (36) 520 (36)
Married

No 110 @) 5 (11) 105 @)

Yes 1369 (93) 40 (89) 1329 (93)
Parity

0 193 (13) 8 (18) 185 (13)

>1 1280 (87) 37 (82) 1243 (87)
CD4+ count per mm3

200-350 450 (30) 20 (44) 430 (30)

351-500 478 (32) 13 (29) 465 (32)

>500 551 (37) 12 @70 539 (38)
Plasma viral load copies/mL

<1,000 147 (10) 1 @ 146 (10)

1,001-10,000 425 (29) 7 (16) 418 (29)

>10,000 904 (61) 36 (82) 868 (61)
Hemoglobin (g/dl)

<11 783 (53) 35 (78) 748 (52)

211 696 (47) 10 (22) 686 (48)
ARV Regimeni

Nevirapine based 20 3) 0 0) 20 3

Nelfinavir based 124 (18) 5 (22) 119 (18)

Lopinavir/ritonavir based 556 (79) 18 (78) 538 (79)
Infants
Sex

Female 752 (51) 23 (51) 729 (51)
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Total* (N=1479)  HIV-linfected infant** (N=45)  HIV-1 uninfected infantJr (N=1434)
N (%) N (%) N (%)
Male 727 (49) 22 (49) 705 (49)
Birth weight (kg)
<25 106 @) 7 (16) 99 @
225 1370 (93) 38 (84) 1332 (93)

*
Maternal plasma viral load was not available for 3 mothers, ARV regimen information was not available for 25 mothers randomized to maternal
ARV arm, and infant birth weight was not available for 3 infants

*x
Infant tested PCR-positive for HIV-1 between 5 and 38 weeks of age

+

Includes 16 infants that tested PCR-positive for HIV-1 after 38 weeks of age

iAmong those randomized to maternal ARV arm.
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Pill count and bottle weight adherence for mother-infant pairs with =1 adherence measure.

Table 2

Percent adherence

Dichotomous adherence

N Mean SD* Median IQR** % non-adherentJr
Maternal + Infant regimen
Overall 0.87 0.22 0.98 0.82-1.00 33
Week 4 1048  0.86 0.23 0.98 0.82-1.00 34
Week 12 1024 091 0.19 1.00 0.91-1.00 22
Week 18 974 0.87 0.19 0.97 0.76-1.00 37
Week 28 750 082 0.27 0.96 0.74-1.00 40
Maternal regimen
Overall 087 0.21 0.97 0.85-1.00 32
Week 4 571 086 022 0.96 0.82-1.00 37
Week 12 552 0.89 0.19 0.98 0.89-1.00 26
Week 18 522 091 0.17 0.99 0.90-1.00 24
Week 28 401 081 0.27 0.94 0.73-1.00 42
Infant regimen
Overall 0.86 0.23 1.00 0.78-1.00 34
Week 4 477 0.86 0.24 1.00 0.81-1.00 31
Week 12 472 092 0.19 1.00 0.95-1.00 17
Week 18 452 0.82 0.20 0.87 0.67-1.00 51
Week 28 349 082 027 0.98 0.74-1.00 39
HIV-infected infants
Overall 0.84 0.26 0.96 0.83-1.00 41
Week 4 30 085 0.22 0.93 0.84-1.00 47
Week 12 24 0.89 0.22 0.99 0.89-1.00 29
Week 18 18 0.82 0.30 0.98 0.75-1.00 39
Week 28 11 071 0.35 0.83 0.45-1.00 55
HIV-uninfected infants
Overall 0.87 0.22 0.98 0.82-1.00 33
Week 4 1018  0.86 0.23 0.99 0.82-1.00 34
Week 12 1000 091 0.19 1.00 0.91-1.00 22
Week 18 956 0.87 0.19 0.97 0.76-1.00 37
Week 28 739 082 0.27 0.96 0.74-1.00 40

*
SD=standard deviation

*k
IQR=Interquartile range

THaving less than 90% pill count or bottle weight adherence is considered non-adherent.
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Table 3

Characteristics of mother-infant pairs with complete adherence information (n=501)

Page 17

Total* Always 290% adherent  <90% adherent for 21 interval Never 290% adherent
(n=146) (n=355) (n=35)"
N n % t n % T n % t
ARV randomization
Maternal antiretroviral 328 99 (30) 229 (70) 23 7)
Infant nevirapine 173 47 27) 126 (73) 12 (7
Nutritional randomization
No supplement 230 71 (31) 159 (69) 17 7)
Received supplement 271 75 (28) 196 (72) 18 (7
Mothers:
Age (years)
15-25 208 66 (32) 142 (68) 18 (9)
26-35 265 78 (29) 187 (71) 17 (6)
36-45 27 2 ) 25 (93) 0 (0)
Education
Primary school only 316 90 (28) 226 (72) 19 (6)
More than primary school 184 55 (30) 129 (70) 16 9)
Married
No 35 10 (29) 25 (71) 1 3)
Yes 466 136 (29) 330 (71) 34 @
Parity
0 55 22 (40) 33 (60) 5 (9)
>1 445 124 (28) 321 (72) 30 @
CD4+ count per mm3
200-350 162 46 (28) 116 (72) 11 @
351-500 151 41 27 110 (73) 11 @)
>500 188 59 (31) 129 (69) 13 @
Plasma viral load copies/mL
<1,000 52 20 (38) 32 (62) 1 )
1,001-10,000 135 42 (31) 93 (69) 3 )
>10,000 313 83 (27) 230 (73) 31 (19)
Hemoglobin (g/dI)
<11 262 74 (28) 188 (72) 20 (®)
>11 239 72 (30) 167 (70) 15 (6)
ARV RegimenfF
Nevirapine based 9 4 (44) 5 (56) 1 (11)
Nelfinavir based 46 13 (28) 33 (72) 6 (13)
Lopinavir/ritonavir based 273 82 (30) 191 (70) 16 (6)

Infants

Sex
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Total* Always =90% adhfrent <90% adherent for =1 int_erval Never =290% adherem
(n=146) (n=355) (n=35)

N n % t n % t n % t

Female 262 67 (26) 195 (74) 20 ®)
Male 239 79 (33) 160 (67) 15 (6)

Birth weight (kg)

<25 36 17 (a7) 19 (53) 3 ®)
225 465 129 (28) 336 (72) 32 @

*
Maternal age, education, parity, and viral load are missing for 1 mother

Fk

Columns are not mutually exclusive. Those 'never = 90% adherent' are also included in the '<90% adherent for 21 interval' column.

TRow percentages are presented

iAmong those randomized to maternal ARV arm
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